Rats given an initial infection with Angiostrongylus cantonensis had moderately elevated phospholipase B activity in the lungs at 8 and 15 days after challenge, and greatly elevated levels were evident at 35, 43, and 49 days. In the brain, the values were elevated at 15 through 35 days. These periods of increased activity in the lungs and brain coincided with the migration patterns of the third-stage larvae and the adult worms in this host. The elevated enzyme levels also were correlated with increased numbers of eosinophils in the bone marrow at 8 and 15 days and again at 36, 43, and 49 days after infection. Similarly infected rats exhibited leukocytosis at 1 through 10 weeks of observation after challenge, and striking eosinophilia at 1, 7, 8, and 9 weeks. Rats reinfected after removal of the worms of the initial infection by thiabendazole treatment showed an anamnestic response characterized by (i) elevated enzyme values in both the lungs and brain at 1 day after reinfection and (ii) eosinophilia in the bone marrow by day 4. These accelerated responses were accompanied by a significant reduction in the worm burden of the rats. The results, which support our hypothesis that inflammation, elevated phospholipase B activity, and reduction in worm burden are causally related, are discussed in light of similar findings reported earlier from our studies with Trichinella spiralis and Nippostrongylus brasiliensis.
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The close association between the presence of worms in the small intestine and increased levels of phospholipase B in the same tissues has been demonstrated in nonsensitized mice infected with Hymenolepis nana (10) , in nonsensitized mice and rats infected with Trichinella spiralis (5) , in sensitized mice challenged with T. spiralis (6) , and in nonsensitized and sensitized rats challenged with Nippostrongylus brasiliensis (13) . In the latter instance, the phospholipase B levels in the intestinal and lung tissues were greatly elevated from 8 through 22 days after initial infection, and there was an increased production of eosinophils in the bon narrow at 11 through 22 days. Because of the close temporal parallelism, we have suggested that inflammation, initiated by tissue injury due to host responses to the antigens of the worms, causes the elevated enzyme levels, which are responsible, probably indirectly, for the expulsion of worms (13) . In the studies to date on T. spiralis and N. brasiliensis, the evidence supports this hypothesis. Thus models in which inflammation is part of the host response; we chose in the present instance to study rats infected with Angiostrongylus cantonensis. The results of this investigation also are consistent with the hypothesis.
MATERIALS AND METHODS
Rats. Male albino rats (strain CD, Charles River Breeding Laboratories), 9 weeks old, were used in all experiments. The animals were housed in wire cages with screened bottoms in quarters provided with light, temperature, and humidity controls, and they were fed commercial rat pellet feed.
Parasite. The strain of A. cantonensis was obtained from Paul P. Weinstein at the National Institutes of Health in 1967. Since that time, the parasite has been maintained in various strains of albino rats.
Infection. A. cantonensis infections in rats and snails (Biomphalaria glabrata) were maintained according to the methods described by Richards and Merritt (16) . For recovery of third-stage infective larvae, snails were removed from their shells, washed, and placed in a Waring Blendor. After being blended, the snail tissue was digested in a 1% pepsin-1% HCl solution for 1 h at 37"C; the mixture was lightly centrifuged, and the sediment was resuspended in a gelatin-broth medium. After adjust-ment of the total volume, the desired number of larvae was introduced into the retropharynx of each rat with a blunted, 18-gauge needle and syringe.
Counts of adult worms. For determination of the number of adult worms present after infection, the rats were killed and the lungs and heart were removed. These were washed separately in saline solution and then teased apart in separate petri dishes. In this way, the exact total number ofworms was counted. Tissue preparation and phospholipase B assays. The procedures described earlier (13) were followed during the preparation and analysis of lung tissue. However, when large abscesses or dense fibrotic areas were present in the lungs, only the betterpreserved parts of the organ were removed and used for testing.
The brain of rats, including the meninges, cerebellum, pons, and cerebral pedunculi, was removed after the skull was opened by splitting the parietal bones along the median anteroposterior axis. Each brain was weighed and then homogenized in 40 ml of glycerol medium in a Teflon-glass homogenizer.
Cell counts. The eosinophils in the bone marrow were counted by the method previously described (5 
RESULTS
Tests after a primary infection with A. cantonensis. Each of 36 rats was infected with 100 larvae ofA. cantonensis. Four of these animals were killed 50 days later to determine the viability of the infecting inoculum (an average of 49.6 worms was recovered). Ofthe remaining 32 infected rats, 4 were selected at random for enzyme analyses on each of days 1, 8, 15, 22, 29, 35, 43 , and 49. The phospholipase B concentrations in the lungs and brains on each of these days are shown in Table 1 (experiment 1) and are illustrated graphically in Fig. 1A and B. Eight additional uninfected rats were killed at intervals for the determination of (i) normal levels of phospholipase B in the lungs and brains and (ii) the number of eosinophils in the bone marrow.
In the uninfected rats, the average levels of phospholipase B were 435 (range, 215 to 648) in the lungs and 10 (range, 6 to 14) in the brain tissue. As seen in Table 1 (experiment 1) and Fig. 1A , there was a rise in the level of the enzyme in the lungs of the infected rats at days 8 and 15 after infection; normal levels were present at 22 and 29 days and were followed by very high values on days 35, 43, and 49. In the brains, the levels fluctuated but were clearly above normal at 15 through 35 days after infection (Table 1, The average numbers of eosinophils in the bone marrow are shown in Fig. 1C . The first rise in numbers occurred on day 8; the peak response was noted on day 49; counts strikingly above normal were present on days 8, 15 , 36, 43, and 49 (standard error of the mean: 20, 17, 32, 10, and 40, respectively).
In addition to the 32 infected rats used in the above determinations, 10 others of the same age and sex were inoculated with 100 larvae from the same pool of infective larvae, and 4 of these rats were examined at intervals for changes in the peripheral blood. The infected rats and 10 uninfected controls were bled by clipping the tip of the tail, and each animal was tagged to ensure that none was used to collect blood 2 weeks in succession. The total leukocyte (in cubic millimeters) counts for the infected rats, on the average, increased above the normal values of 12,500 to 14,700 1 week after infection (17,470) and remained elevated throughout the 10 weeks of observation (17,470 to 36,790). There were no striking differences in the average percentages of lymphocytes, neutrophils, and monocytes throughout the 10 weeks of observation. However, the numbers ofeosinophils were increased considerably at 1 (average percentage, 10; range, 6 to 12), 7 (average percentage, 15; range, 11 to 17), 8 (average percentage, 16; range, 12 to 18), and 9 (average percentage, 21; range, 17 to 25) weeks after infection; control animals had an average percentage of 2 (range, 1 to 3) eosinophils.
Tests after reinfection with A. cantonensis. This experiment was designed to determine the effects of a previous stimulating infection with A. cantonensis on the levels of the enzyme in the lung and brain tissues, on the production of eosinophils by the marrow, and on the number of worms present after a challenging infection.
Forty-eight rats were infected with 100 A. cantonensis larvae. On days 14 to 18 after infection, 44 of the 48 rats were treated orally for 5 consecutive days with 200 mg of thiabendazole per kg in an aqueous suspension (8) . The four untreated rats served as "viability" controls, and worm counts at 35 days after this primary infection showed that an average of 56.5 worms had established.
Two of the drug-treated animals were selected at random 40 days after infection. Carefully conducted autopsies failed to reveal any worms in the lungs, in agreement with the results of Nishimura (8), who detected no worms in the lungs and brains by use of the same procedures. Six additional drug-treated animals were selected, and two were killed on each of days 31, 53, and 78 after infection. Tests for enzyme concentrations showed that the values for the brains were 95, 78, and 20, respectively, whereas the values for the lungs were within the normal range, consistent with the absence of worms in the tissues. Overall, the results for these eight thiabendazole-treated rats provided evidence that both the development and migration of the worms had been suppressed, as shown by the absence of parasites at 40 days.
The remaining 36 drug-treated rats and 6 previously uninfected viability controls were challenged with 100 A. cantonensis larvae 56 days after the drug-treated rats had been given the first infection. Four rats were selected on days 1 Fig.  1A and B, an elevated enzyme level in the lungs was evident 1 day after reinfection; the peak value was on day 8, followed by a gradual decline until day 35, when there was a considerable rise. In the brains, the values varied considerably, but all readings were clearly elevated 1 to 35 days after challenge.
The average numbers of eosinophils in the bone marrow are shown graphically in Fig. 1C . Greatly increased numbers were noted at both 4 and 8 days after the second infection (standard error of the mean: 11 and 15, respectively). DISCUSSION The life history of the rat lungworm, A. cantonensis, including details of the migration of the third-stage larvae in rats, has been described (1, 4) . Although the pattern of distribution of the larvae varies somewhat according to the number involved, the following is a general account of the migration pattern of this parasite in rats. After being ingested, the thirdstage larvae penetrate the gastric and intestinal walls. Within 2 h most of them have been carried by the venules to the lungs and then to other tissues throughout the body. As early as 48 h after ingestion, most of the larvae have migrated to the brain and congregated in the spinal cord, medulla, cerebellum, and diencephalon, and then they gradually spread to the telencephalon. In the next 10 days, the larvae undergo two molts, after which the young adult worms migrate into the subarachnoid space. Usually between 26 and 33 days after infection, the worms force their way into the dilated cerebral veins and migrate to the heart and lungs. Once reaching the lungs, they become established in the major branches ofthe pulmonary artery, where they feed, grow, and attain sexual maturity in about 1 week. Release of eggs has been noted as early as 33 days after infection, and it requires about 1 week in the lung parenchyma for the eggs to embryonate and hatch. First-stage larvae can be recovered from the feces of the rat beginning 42 days after infection.
INFECT. IMMUN.
In view of this account of the life cycle, the elevated enzyme levels in the lungs and brain after an initial infection (Table 1 , experiment 1; Fig. 1 ) are consistent with our hypothesis (13) that the presence of the worms and the attendant tissue reaction are responsible for the demonstrated increases in enzyme activity. In the lungs, the response is biphasic, consisting of the early rise in phospholipase B titers (days 8 to 15) after the initial migration of the worms to this organ, the decline to values within the normal range during the 3rd and 4th weeks, and the very marked increase to levels 15 to 20 times above control data, coinciding with the second invasion of the lung tissue by parasites. In the brain, the enzyme levels increased at the time when the parasites are known to reach this site; they remained high throughout the period when the worms were present, and declined at 43 and 49 days after the worms had migrated to the lungs. Thus, it is apparent that the variations in phospholipase B levels closely follow the course of the infection with regard to the location and development ofthe parasite.
The morphological expression of the tissue response to the invading worm consists of an inflammatory reaction in the lungs and brain, which has been previously described by others (1, 4) . In brief, the early lung pathology revealed hemorrhages within the alveoli at 7 h, with perivascular infiltrations of mononuclear cells and eosinophils around the thin-walled intrapulmonary veins draining the hemorrhagic areas.
In the brain, granulomas around cast cuticles and dead larvae have been seen as early as 5 days after infection, with many eosinophils surrounding dead larvae. By 10 days after infection, the young adult worms appear in the subarachnoid space, which becomes greatly dilated. This dilatation is accompanied by infiltrations of eosinophils and plasmacytes into the arachnoid villi and the adjoining dural walls of the cerebral sinuses.
At about 33 days after infection, the first eggs released from the females are embolized into the lung arterioles throughout the organ. Later, they are surrounded by foreign-body giant cells, eosinophils, and fibroblasts to form small nodules. As the infection progresses, the lungs become enlarged, and the affected parenchyma becomes pale brown and increasingly firm; pleural adhesions and lung abscesses have been described.
The accumulation of phospholipase B in different tissues coinciding with the local inflammatory response suggests its origin in a cellular element present in the inflammatory reaction.
Our earlier work has shown that the eosinophilic leukocytes are the carriers ofthis enzyme and that a quantitative relation exists between the phospholipase content and the number of these cells present in rat tissues (9, 14) . Changes in both these variables have been correlated to the eosinopoietic activity of the bone marrow (11, 12) . Accordingly, increased peripheral tissue levels of the enzyme during the phases of lung invasion by the parasite are found to coincide with phases of increased eosinophil production in the bone marrow and peripheral blood eosinophilia. The data presented in Fig. 1 are particularly significant in this regard, since they show the similarity in the pattern ofvariations with time of the bone marrow eosinophilia when compared both with the changes of lung phospholipase values during the biphasic response of the once-infected rats and with the early, augmented reaction of the twice-infected animals. Peripheral blood eosinophils exhibited similar behavior in the rats after one infection. These findings agree with the previous studies with rats infected with N. brasiliensis, where the correlation between accumulation ofenzyme in the lungs and stimulation of marrow eosinopoiesis was first documented (13) . Also, more recent histochemical studies (A. Ottolenghi, in preparation) with rats injected intravenously with Trichinella larvae have confirmed the relation between eosinophil infiltration and phospholipase B accumulation in the lungs.
There is evidence of a protective response to A. cantonensis, based on a reduction in worm burden and increased survival time of previously stimulated rats (3, 15) . Additional evidence of a protective response is provided by the decline in the numbers of worms recovered from the sensitized controls in experiment 2 (average of 29.8 worms compared with an average of 77.3 for the viability controls given only the challenging infection). It is noteworthy that the previously sensitized rats also showed an anticipated and quantitatively much greater response to the challenging infection with regard to the rise in enzyme values in the lungs and brain at 1 day after reinfection (Table 1 , experiment 2; Fig. 1 ), i.e., 1 to 2 weeks earlier than noted after the primary infection. This was accompanied by a pronounced bone marrow eosinophilia at 4 days after challenge (Fig.  1C) comparable with that seen at 49 days after the primary infection.
The coincidence of these accelerated responses after challenge with a significant reduction in worm burden as already seen in our earlier studies with T. spiralis and N. brasiliensis (5, 6, 13) raises the question ofthe role of the phospholipase in the inflammatory process and of its contribution to the host defenses, possibly to the elimination of the parasite. Although the evidence at hand does not allow any conclusion on this point, the finding of a consistent and marked increase in enzyme levels in a variety of infections involving different target tissues indicates that phospholipase B may prove to be part of the common mechanism of the host for controlling the extent and direction of the infection process. In fact, since there is now evidence that certain fatty acids released by hydrolysis after interaction of phospholipases with phospholipids probably are precursors of prostaglandins, the 1974 (2) and later reports of Dineen and his colleagues in Australia support this suggestion. "Prostaglandinlike" factors caused, and inhibitors prevented, the expulsion ofN. brasiliensis from rats. Also, it is worth noting that anti-eosinophil serum injected into mice immune to Schistosoma mansoni abolished their immunity (7). Therefore, this demonstration of an essential role for the eosinophil is consistent with our notion that this cell (as the source of phospholipase B) may prove to be the indirect cause for the nonspecific expulsion of worms from inflamed tissues.
